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Description 



The present invention relates to a nucleic acid containing selectively inducible 
regulatory sequences, in particular promoters, for a controlled expression of desired 
expression products In suitable host expression organisms such as transgenic plants. 
Further, the present Invention relates to a method for detecting the activity of a 
regulatory sequence in suitable cells, wherein a transgene comprises a potential 
regulatory sequence operably linlced to the Bax gene or a functional derivative 
thereof and the Bax expression conrelates with the activity of the regulatory sequence 
in said cells. 

With reference to Industrial and medical applications (e.g. enzymes for technical 
uses, therepeutical or diagnostic antibodies, vaccines) the expression of proteins in 
transgenic plants is becoming more and more interesting for pharmaceutical and 
chemical companies. The major reasons are security and costs. Traditionally, 
valuable proteins for pharmaceutical applications (homnones. antibodies etc.) are 
produced in cultivated animal cells. Since most cultivation media oontain 10% or 
more fetal calf serum (PCS), there is always the danger of contamination with BSE 
causing agents. In addition, animal tissue cultures can be contaminated with viruses 
which may be transmitted to humans. Furthermore, because of the PCS and other 
additives, the cultivation media are often very expensive. Additional costs come from 
the high energy requirement for temperature control of large cultivation entitles. This 
is also true for the production of recombinant proteins in microorganisms. 

Cultivation of plants is cheap because only sun light, water and some inorganic 
nutritions are necessary to support plant growth. In addition, plants can be grown on 
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fields in almost unlimited quantity. Therefore, there are no scale-up problems, 
l-lowever, one essential requirement for the successful production of a heterologous 
protein in a transgenic organism Is the combination of the respective transgene with 
strong and reliable regulatory elements, the promoters. Promoters lead to an efficient 
synthesis of the transgenic mRNA, which is then translated to the protein. 

For the production of recombinant proteins In transgenic plants mostly the 35S RNA 
promoter is used (Pietrzak et al. (1987) Nucleic Acids Res. 14:5857). The 35S 
promoter was originally isolated from the cauliflower mosaic vims (CaMV) and leads 
to a high and constitutive synthesis of a transcript for the desired genes. Other 
promoters, which are less frequent in use are the 19S RNA promoter from CaMV 
(Paszicowski et al. (1985) Mol. Gen. Genet. 199:178) and the promoter from the 
nopaiine synthase gene from Agmbacterium tumefaciens (An et al. (1984) EMBO J. 
4:277). 

All these promoters are active during the whole life of a plant and therefore the 
recombinant protein is synthesized all the time. If these proteins continuously 
accumulate during the development of the plant, they can be degraded or modified 
and accordingly loose their biological activity. In most cases, the expressed protein Is 
harmful or even lethal to the particular plant. This can be a major obstacle in 
establishing transgenic plants with high expression levels. In this case, it is not 
possible to obtain any transgenic plant at all, or only plants which show very low 
levels of protein expression. 

Therefore, it would be highly desirable to posses a promoter whteh can be switched 
on specifically at any time of the plant development by treatment of the plant with 
chemicals. Transgente plants could be grown to an appropriate size and then the 
expresston of the recombinant protein could be induced to a high level for a short 
time. In that way problems like protein degradation or killing of the plants by the 
heterologous protein could be avoided. 
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The most prominent plant promoters which can be Induced by chemicals are the 
promoters of genes encoding pathogenesls-related (PR) proteins. PR genes are 
Induced during the plant's defence reaction against pathogens. They are switched off 
most of the time during the development of the plant and they can be induced by the 
plant hormone salicylic acid. The major problem with these promoters comes from 
the fact that they are also Induced by a developmental stimulus shortly before 
flowering of the plants (GrOner and Pfitzner (1994) Eur. J. Biochem. 220:247). 
Therefore, it is hardly possible to get seed material from plants expressing proteins 
which are harmful to the particular organism. 

Furthermore, for the protein production In transgenic plants it Is necessary to Icnow In 
which parts of the plants the regulatory regions, in particular promoters, of the 
transgenes are active and inducible, respectively. In order to analyse the regulatory 
regions in living plants, it is necessary to express reporter genes under the control of 
these regulatory regions. At present, the reporter genes GUS (p-Glucoronidase), Luc 
(luciferase) and GFP (green fluorescent protein) are used in plants. However, these 
reporter genes are not very sensitive and the analysis of whole plants over the 
complete lifetime is not possible. Further, in contrast to animal cells, plant cells 
possess a rigid cell wall. Therefore, the substrate application for the reporter genes 
GUS and Luc is difficult, defective, tal^es a lot of time and is expensive. Moreover, 
the use of GFP in plants is difficult due to their autofiuorescence. At present, no 
reporter gene Is available to detect sensitive, easily and over the whole lifetime of a 
plant the activity of regulatory regions. 

Thus, the technical problem underiying the present invention Is to provide regulatory 
sequences, particulariy for plants, which can be selectively switched on by externally 
added chemicals thereby Inducing the expression of transgenes, wherein the 
regulatory sequences should not be switched on during the normal development of 
e.g. the plant. A further object of the present invention is to provide a method for 
detecting the activity of a regulatory sequence in plants or parts thereof, wherein the 
regulatory activity is easily detectable over the whole lifetime of the plant. 
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The solution to the above technical problems Is achieved by the embodiments 
characterized In the daims. 

in particular, the present invention relates a nucleic acid containing at least a first 
nucleotide sequence selected Irom the group consisting of SEQ-ID-No.1, SEQ-ID> 
No. 2, and biologically active derivatives thereof. 

The term "biologically active derivative" means any nucleotide sequence with 
substantially the same biological function as the nucleotide sequences SEQ-ID Nos. 
1 or 2, 

The first nucleotide sequence comprises a regulatory sequence, in particular a 
promoter sequence. The term "regulatory sequence" Includes a nucleotide sequence 
containing elements necessary for the expression/transcription of a desired product. 
The regulatory sequence may be a regulatory element which does not constitutlvely 
express e.g. a gene but is selectively inducible by chemicals resulting in an 
expression of e.g. a gene upon induction. The wording "no constitutive expression" 
means that the regulatory sequence such as a promoter sequence is preferably 
completely inactive prior to any measure resulting in an Induction thereof. In a 
preferred embodiment of the present invention, the first nucleotide sequence is an 
inducible plant promoter. 

In a preferred embodiment of the present invention the chemicals are selected from 
the group consisting of organic compounds. More preferably the chemicals are 
selected from the group consisting of phenolic compounds, thiamine, fc>enzoic acid, 
isonicotinic acid (INA), and derivatives thereof. The phenolic compounds are for 
example salicylic acid or structural or functional related derivatives thereof. 

In one embodiment of the present invention the above defined nucleic acid is 
operably linked to a second nucleotide sequence comprising a desired sequence 
(herein also designated as "transgene") to be expressed such as a functional gene. 
There is no particular limitation of the sequence to be expressed, and upon 
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expression in a suitable host organism the sequence results in e.g. a polypeptide, a 
protein or a RNA molecule. 

The term "operably linked" means that the first and second nucleotide sequence are 
connected to each other in such a way that the first nucleotide sequence controls the 
transcription of the second nucleotide sequence. 

The present invention also relates to vectors comprising the above-defined nucleic 
acid according to the invention. Examples of vectors are pBin19. pGC4-00, 
pUC18/19, pBluescript. 

The present invention also relates to a host organism comprising the nucleic acid 
according to the invention or the vector according to the invention. The host organism 
is for example a prokaryotic organism such as E. coli or Agmbacterlum tumefaclens, 
or an eukaryotic organism such as a plant cell (including a transgente plant). The 
nucleic acid according to the present invention can be also contained in a virus or 
viroid suitable for the preparation of a transgenic organism such as a transgenic 
plant 

Further, the present invention relates to the use of the above-defined nucleic acid for 
the preparation of a transgenic plant whose transgene is selectively inducible by 
exogenousiy added chemicals. The term "exogenousiy added chemicals" includes 
chemicals that are not produced by the plant itself (or produced only in amounts 
which do not substantially cause induction of the above-defined regulatory 
sequence), and chemicals that are produced by the plant at some time during the 
life-time. The term "selectively inducible" means that the expression of the transgene 
is substantially induced ("switched on") only by adding specific chemicals. 

The present invention further relates to a transgenic plant such as a tobacco plant, 
tomato plant or potato plant comprising the nucleic acid sequence according to the 
present Invention for the purpose of a regulated expression of any homologous or 
heterologous transgene. The term "transgenic plant" includes the whole plant as such 
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and parts thereof, such as root, stem, leaf, organ-specific tissue or cells, the 
reproductive material thereof, especially seeds, and the seedlings thereof. The term 
"heterologous transgene" miaans a gene which stems from a source other than the 
wildtype of the transgenic plant. The term "homologous transgene" means a gene 
which stems from tlie wildtype of the transgenic plant. In one embodiment of the 
present invention the transgenic plant contains the above-defined nucleic acid of the 
invention stably integrated into the genetic material. Alternatively, the transgenic 
plant expresses transiently the desired sequence contained in the above-defined 
nucleic acid. 

In a preferred embodiment of the present invention the expression of the above- 
defined second nucleotide sequence is induced after treatment with chemicals of the 
transgenic plant 

Surprisingly, the nucleic acid according to the present invention is capable to induce 
selectively tiie expression of a desired sequence ("transgene") in e.g. transgenic 
plants after treatment with certain chemicals. Accordingly, it is possible to grow the 
transgenic plants to a size sufficient to obtain enough plant material, and then to 
induce the expression of a transgene resulting in the desired product such as e.g. a 
polypeptide, a protein or a RNA molecule. 

The nucleic acid according to the present invention and the vector according to the 
present invention can be prepared by means of prior art methods. This includes also 
methods for cultivating suitable host cells and recovering said nudeic acids or said 
vectors from said hosts cells and/or the culture medium. 

The present invention also relates to a method using the human Bax gene as an 
analytical tool for the analysis of expression patterns of a regulatory sequence in 
suitable host organisms such as ceils or even whole living plants. Following 
activation of the regulatory sequences by chemicals the distinct expression pattern of 
the regulatory sequence is detectable by the new in vivo reporter system, the human 
Bax gene. In this conte:ct "in vivo" means in a living organism, for example a plant or 
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a part thereof. Further, the method is also appiicat>le for analysing the potential of 
chemicals to activate/induce certain regulatory sequences. 

The method for detecting the activity of a regulatory sequence In suitable ceils 
comprises 

(a) preparing transformed cells, comprising at least a nucleotide sequence 
coding for the Bax gene or a biologically active derivative thereof, 
operably linked to a nucleotide sequence comprising a potential 
regulatory sequence, 

(b) treating the transformed cells with a chemical. 

(c) measuring the expression of the Bax gene or the biologically active 
derivative thereof in the trensfonmed cells, and 

(d) correlating the Bax expression with the activity of the regulatory 
sequence. 

The term "biologically active derivative" within the context of the Bax gene means any 
nucleotide sequence with substantially the same biological function as the Bax gene. 

The term "regulatory sequence" Is as defined above. In a preferred embodiment of 
the present Invention the regulatory sequence induces the expression of the Bax 
gene, upon treatment with chemicals. The chemicals are preferably as defined 
above. 

According to the method of the present invention it is possible to detect the activity of 
a regulatory sequence by inducing gene expression. The expression of the Bax gene 
correlates with the activity of the regulatory sequence. The method according to the 
present invention is useful for analysing both the activity of the regulatory sequence 
as well as the potential of chemicals to modulate the activity of the regulatory 
sequence. Further, it Is possible to study the activity of a regulatory sequence during 
the whole development of a suitable host organism such as a plant. The Bax protein 
effectively induces the cell death in the cell. Thus, when using plants as a suitable 
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host organism, the activity of the regulatory sequence to be analysed is simply visible 
as necrotic areas on the plant. 

The figures show: 

Figure 1 shows the nucleotide sequence of the NiMiN-1 promoter (SEQ-ID-No.1). 

Figure 2 shows the nucleotide sequence of the NIMiN-2 promoter (SEQ-ID-No.2). 

Figure 3 shows a bar diagram comparing the GUS (beta-glucoronidase) activity of 
PR1a-GUS (321-9) and Nliy/IIN2-GUS (322-7) fusion constructs in transgenic plants 
after induction with salicylic add (SA) or Bion, wherein the GUS-activity of water- 
treated fusion-constructs in transgenic plants is used as background control. 

Flours 4 shows a bar diagram which correlates the amount of SA used for the 
treatment of the plant with the GUS activity in two independent NIMIN2-GUS 
transgenic plants (322-2 and 322-7) after induction with salicylic acid (SA), wherein 
the GUS-activity of water-treated fusion-constructs in transgenic plants is used as 
bacl<ground control. 

Figure 5 shows a Western Blot which correlates the amount of SA used for the 
treatment of the plant with the expression of the endogenous PR-1 proteins in 
transgenic plant 322-2 as depicted in Fig. 4, and which is used as a positive control. 

Figure 6 shows the spontaneous expression of the Bax gene under ttie control of the 
PR-1 a promoter (A) in leaves and (B) on the stem of transgenic tobacco plants. 

Figure 7 shows plants which contain the human Bax gene under the control of the 
PR-1 a promoter (A), the NIMIN-2 promoter (B) or the NIMIN-1 promoter (C and D). 

The present invention will now be further illustrated in the following examples, without 
being limited thereto. 
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EXAMPLES 

Example 1: Isolation of the NIMIN-1 and NIMIN.2 promoters 

The cDNAs for the NIMIN proteins NIMIN-1. NIMIN-2 and NIMIN-3 have been 
isolated as new interacting proteins with the regulatory NPR1 protein in Ambidopsis 
thallana (Welgel et al. (2001) Plant Mol. Biol. 46:143). The mRNAs for the NIMIN-1 
and NIMIN-2 proteins were shown to be inducible by salicylic acid and Bion, a 
substance which can replace salicylic acid in some of its functions (Weigel et al. 
(2001) Plant Mol. Biol. 46:143). To identify the regulatory elements responsible for 
this induction, the promoter elements were amplified by PGR from genomic DNA of 
Ambldopsis thaliana using the primers N1-P1 (SEQ-ID-No. 3) and N1-P2 (SEQ-ID- 
No. 4) for NIMIN-1 and N2-P1 (SEQ-ID-No.5) and N2-P2 (SEQ-ID-No.6) for NIMIN-2 
(N1-P1: 5'-CCAAGCTTGTCTCATGAATTCGTGGTATAGCG-3'; N1-P2: 5'- 
CCGGATCCTTAGAGAAAGTGATTGATTTTGG-3': N2-P1: 5'- 

CCCCACGTTAACGATGATCAC-3'; N2-P2: 5'- 

CTGGATCCCGTCGTTTAAGCTTAGTCAA-3'). The respective PGR fragments were 
analysed on an agarose gel and yielded the expected sizes (1.1 kb for NIMIN-1 and 
1 .2 kb for NIMIN-2). The fragments were cut with the restriction enzymes Hindlll and 
BamHI (NIMIN-1 promoter element) or Bglll and BamHI (NIMIN-2 promoter element), 
and ligated In the cloning vector pUC19. The resulting clones were sequenced and 
the nucleotide sequence is shown In Figure 1 (NIMIN-1) and Figure 2 (NIMIN-2). 

Example 2: Constmction of reporter oene fusions and generation of transgenic 
P'ant^: 

The DNA fragments containing the respective promoter sequences were excised 
from the pUG19 subclones and ligated in pUC/O-GUS (Beilmann et al. (1991) Eur. J. 
Biochem. 196:415). The resulting ligation products were analysed by a restriction 
enzyme digest with EcoRI (NIMIN1-GUS) or Xbal and EcoRi (NIMiN2-GUS). The 3.2 
kb band, representing the reporter gene-promoter fusion was excised finom an 
agarose gel and ligated In the Agrobacterium vector pBinlG, yielding pBin19/N1-GUS 
and pBin19/N2-GUS. The plasmids were moved from E. coli into Agrobacterium 
tumefaciens via triparental mating. 
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The resulting Agrobacteria strains were used to generate transgenic plants 
containing the reporter gene constructs. 

Example 3: Characterisation of the promoter activities of the NIMIN promoters 
To characterise the Influence of chemicals on the activity of the NIMIN promoters, 
leaf discs were punched from the transgenic lines NIIVIIN1-GUS and NIMiN2-GUS. 
As a control, PR-la promoter fusions were used. The leaf discs were floated on 1mM 
SA. 140 mg/l Bion (a functional analogue to salicylic acid) or water. After 3 days, 
protein extracts were prepared and the activity of the 6US reporter gene in the 
extracts was assayed. The resulting reporter gene activities were 5 times higher in 
the NIMIN-2 promoter fusions than In PR-la promoter fusions (cf. Figure 3). Further, 
leaf discs from the transgenic lines NIMIN1-GUS and NIMIN2-GUS were incubated 
with different salicylic acid concentrations. The activity of the NIMIN promotere 
depends on the salicyclic add concentration (cf. Figures 4 and 5). 

Example 4: Construction of a reporter oene (Baxl fusion with the PR-la promoter 
and oeneration of transoenic tobacco plants 

The vector pUCI 9/His(Bax) was digested with the restriction enzymes Saci and Bgl 
II. The resulting DNA fragment containing the respective human Bax alpha gene with 
an N-tenmlnal 6x His tag was ligated In the binary vector pBin19/PR1a-GUS 
(Beilmann et al. (1992) Plant Mol. Biol. 18:65), in which the GUS was excised before 
with restriction enzymes Saci and BamHI. The ligation product was transfomraed in E. 
CO// DH5a, and the resulting colonies were analyzed by a restriction enzyme digest 
with EcoRI and l-iindill and PCR. yielding the vector pBin19/PR1a-Bax. The plasmid 
was moved from E. coU to Agrobacterium tumefaclens LBA4404 via electroporation. 
The resulting Agrobacterium strain was used to generate transgenic tobacco plants 
(Nicotiana tabacum var. Samsun NN/nn) containing the reporter gene construct. 

Example 5: Analysis of the regulation of the NIMIN promoters bv endogenous stimuli 
The most Important feature of an inducible promoter Is not only the inducibllity by 
exogenous substances but also that the promoter Is switched off under normal 
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conditions. To investigate, if the NIMIN promoters fulfil these requirements, 
transgenic tobacco plants with NIMIN promoter-Bax fusions were generated as 
de8cril)ed above. Bax is lethal for any cell. Therefore, any leakiness of the NIMIN 
promoter should lead to necrotic areas in the plants. Plants were grown in the green 
house and monitored for their phenotype. 

While use of the PR-la promoter resulted in major necrotic regions later in the 
development of the plants (cf. Figure 6 and Figure 7A), there were no necrotic areas 
on the NIMIN2-Bax plants and only minor lesions on the lower leaves of NIMINI-Bax 
plants (cf. Figure 7B-D). 
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1 . A nucleic acid containing at least a first nucleotide sequence selected from the 
group consisting of SEQ-ID-No. 1, SEQ-ID-No. 2, and a biologically active 
derivative thereof. 

2. The nucleic acid according to claim 1, wherein the first nucleotide sequence is 
a regulatory sequence. 

3. The nucleic acid according to daim 2, wherein the regulatory sequence is a 
promoter sequence selectively inducible by chemicals. 

4. The nucleic acid according to daim 3. wherein the chemicals are selected from 
the group consisting of organic compounds. 

5. The nudeic acid according to claim 4, wherein the organic compounds are [ 
selected from the group consisting of phenolic compounds, ttiiamine, heroic 
acid, isonicotinic acid (INA), and derivatives thereof. 

6. The nucleic acid according to claim 5, wherein the phenolic compound is 
salicylic add or a structural or functional derivative thereof. 

7. The nucleic add according to anyone of claims 1 to 6 operably linlced to a 
second nudeotide sequence comprising a desired sequence to be expressed. 

8. A vector containing the nucleic acid according to anyone of claims 1 to 7. 

9. A host organism containing tiie nudeic acid according to anyone of claims 1 to 
7 or the vector according to claim 8. 
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10. The host organism according to daim 9, which is selected from the group 
consisting of a l>acteria ceil or a plant cell. 

11. A transgenic plant containing at least the nucleic acid according to claim 7. 

12. The transgenic plant according to claim 11, wherein the nucleic acid is stably 
Integrated into the genetic material. 

13. The transgenic plant according to claim 11 or 12. wherein the desired 
sequence is transiently expressed. 

14. The transgenic plant according to anyone of claims 11 to 13, wherein the 
expression of a desired sequence as defined in claim 7 is selectively induced 
upon treatment with chemicals. 

15. The transgenic plant according to claim 14. wherein the chemicals are 
selected from the group consisting of organic compounds as defined in 
anyone of claims 4 to 6. 

16. A method for detecting the activity of a regulatory sequence in suitable cells, 
comprising 

(a) preparing transfonned cells, comprising at least a nucleotide sequence 
coding for the Bax gene or a biologically active derivative thereof, 
operably linked to a nucleotide sequence comprising a potential 
regulatory sequence, 

(b) treating the transformed cells with a chemical, 

<c) measuring the expression of the Bax gene or the biologically active 

derivative thereof in the transfonned cells, and 
(d) correlating the Bax expression with the activity of the regulatory 

sequence. 
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17. The method according to claim 16. wherein the regulatory sequence Is a 
promoter sequence. 

18. The method according to claim 16 or 17, wherein the chemicals are selected 
from the group as defined in anyone of claims 4 to 6. 

19. The method according to anyone of claims 16 to 18. wherein the transformed 
cells form at least part of a transgenic plant. 

20. The method according to anyone of claims 16 to 19. wherein the expression of 
the Bax gene Is detected as necrotic area in the plant. 
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Abstract 



The present invention relates to a nucleic acid containing selectively inducible 
regulatory sequences, in particular promoters, for a controlled expression of desired 
expression products in suitable host expression organisms such as transgenic plants. 
Further, the present invention relates to a method for detecting the activity of a 
regulatory sequence in suitable cells, wherein a transgene comprises a potential 
regulatory sequence operably linked to the Bax gene or a functional derivative 
thereof and the Bax expression con-elates with the activity of the regulatory sequence 
in said cells. 
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OAATTCGTGG TATAGCGTTA CTTAATAACA ATTATAAACT GTAAAATATA 
AATATTTTAT AAAAATAAAA TTTGCAAGTT TTAATATATA TTATTTTTAA 
AAATAAATCG TCCCGCGATA TACCGCGGGT TAAAATCTAG TTTCTTTTTG 
TTTATGTAAC ATCAATAGAG GTAATCTAAT TACCATTCAT TTAAAATACC 
AA21AATAGG6 QAAAAAATGT TCTTCGTTGG AATCCAATTG TTCCACACAA 
ATTTCACATA TACAAATTAA TTTAATTTAC ATACAAGT6G CCGACAATAT 
GAGATTTTAT TCGACAAATC TTTTATATAA CCTCATCATT CACT^TTTAA 
TAQTAAAATA GTACGTTAAT ATATCAACCT TTTCAAGCAT TATGGTATTC 
TCCATCCTTA GATTCAAAAA CATATGCCTG 7U\ATATTAGA TCTAACGGTT 
GATAGTAATA GAGTGCTGTA CACTCGGATC TACTAGAATA TCTCTCCAAG 
ACCAACCACG J^TAAAGTAA ACGCATCAAG TCAAGTTTTT GATGATTAGA 
GTCTTTCTTT ATTTCAAAAG TATATCCAAG TAGATTAGTG TTGTATAGAT 
TACGTCATCA TTGTGACATC ATCTC6TAAC CX3CTTCATGT CACGTTGTCA 
TCCCT^CAC ATCATCATCT GACGTAATTT TAACGTTQAT ATCTCCGCGT 
TCTTTTACTC TTTTACCCCT GGTCCCTTTT TTAACAATTA TAAAAATTAT 
GATTACTATT TTGAATTTAC AGGGAACCAA AAAACCCATT TATAAAGTTT 
CGAAATTAAA TATCCTAACT AACTTGQAAA AATATCTCCA ATTTTCGTTT 
TTTGTGGTTT AAATTGTAAC TAGGAAACTA T^^GGACTAA AGAGTAAAAG 
AGGTGGGGAC AGGGTGTTTT AGTCTTTTTC TAAGAAGTTT CGTGATGACT 
AATTTTTTTC CTTTAAAAGA AAGTCATCAG ACGAT^GGA TTATTTGCCT 
TCTTCACTCT CCAAAATCAA TCACTTTCTC TAA 
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QKSCSCIK^ TATATAAAAA TUTGGGlTMiT ATTAGAAACT AACTATGAAA 

tggaaa;^gaa ttgagagaat gacattgtgt cagaaaagtt aggtaaataa 

CATTTTCTGA AAAAGAGAAA ATACAAAAAT ATCCTTGTGT TTACTTATTT 
TTACAATAAT GCCATTGGCT TTAGTTATAA AGTTTATATG TATTTGTCTA 
AAATAGCATG ATATATTTAC AAAAATCATG CAATTCTTTA AAATACATAC 
AGAATATATA TACACGATAT ATATGTTTCT CTGAAATAAT GTGTTTCTCA 
GAAATAGCAC GAAATATTTA TAAAAAGCAT GCAATTCTCT TATAGATCGC 
QAAGTTTAAA AAAACATATA GAATTGTTAC AATATTACAT GGGTTTTTAT 
TGGATAACAT GACAAATATT TATTTATTTC ATGAGTTTTT ATTGGATAGC 
ATGACAAATA TTAATATATC AGTGTTAATA ACATGTTTTG TTCTTAAAAT 
ACATGCATTT TAAAATCAGA CATTTGTTTT AAAATCAAAT CTT^TCTCTT 
ATATCACAAC GACATTGACG GAAAATTCAG GTAAAAAGAG AAAATAAAGA 
ATGAGAGATA GAGAGATTTC TATGGAAAAA GAAAGAGAGA ACATGTAGGT 
GAACAAAATA AAGAGATATG ATGATATATT TTATGAGAGG TGGTGAAGAT 
TATTTTAGGA GAGGGAGAGA GAAATAGAAA AAGAAAATGA CATGGTGAAT 
CTGAAGAAGA TGAATTGTGT TAAAGATGAA GAGAG/yU^GA GAACTCCATG 
GCTAAAGTCT CGTAAAGAAG ATGA2\AAAGA AACAAAAGAA GGAAGAAGAA 
AGAGAAAGGC TAAAATAGAC TAACTATTGC CAAAATTTCT GTAGCCGACA 
AATACTATTT GGTCCAAGGT TATTTTGTGT ATTCTTTTGA AGTCAAAAGT 
TATTTCTTAC ATATACTCTA AAAATATAGC CGATACCAAT TTTTCCACAC 
ATGGACTTCC TTTATTCCAA AAGTCAATAA AGTGTGACGT CATGATACTT 
ACGCTTTAAA ACATCGCATG ATGATGTCAT TAGCATCAAT CTCCACCGTC 
CAATTTATTT AGTTGTTGAC AATATCGACC GTCTAAGTTC CACACCGACG 
GCTATAAGAG TTTCATTATA AATTTTAGCA AAATAAAATC AGCAAATAAT 
TTTTTCTTGA CTAAGCTTAA ACGACG 
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Figure 3 
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<400> 1 

gaattcgtgg tatagcgtta cttaataaca attataaact gtaaaatata aatattttat 
aaaaataaaa tttgcaagtt ttaatatata ttatttttaa aaataaatcg tcccgcgata 
taccgcgggt taaaatctag tttctttttg tttatgtaac atcaatagag gtaatctaat 
taccattcat ttaaaatacc aaaaataggg gaaaaaatgt tcttcgttgg aatccaattg 
ttccacacaa atttcacata tacaaattaa tttaatttac atacaagtgg ccgacaatat 
gagattttat tcgacaaatc ttttatataa cctcatcatt cacaatttaa tagtaaaata 
gtacgttaat atatcaacct tttcaagcat tatggtattc tccatcctta gattcaaaaa 
catatgcctg aaatattaga tctaacggtt gatagtaata gagtgctgta cactcggatc 
tactagaata tctctccaag accaaccacg agtaaagtaa acgcatcaag tcaagttttt 
gatgattaga gtctttcttt atttcaaaag tatatccaag tagattagtg ttgtatagat 
tacgtcatca ttgtgacatc atctcgtaac cgcttcatgt cacgttgtca tcccaaacac 
atcatcatct gacgtaattt taacgttgat atctccgcgt tcttttactc ttttacccct 
ggtccctttt ttaacaatta taaaaattat gattactatt ttgaatttac agggaaccaa 
aaaacccatt tataaagttt cgaaattaaa tatcctaact aacttggaaa aatatctcca 
attttcgttt tttgtggttt aaattgtaac taggaaacta aaaggactaa agagtaaaag 
aggtggggac agggtgtttt agtctttttc taagaagttt cgtgatgact aatttttttc 
ctttaaaaga aagtcatcag acgaaaagga ttatttgcct tcttcactct ccaaaatcaa 
tcactttctc taa 
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<210> 2 
<211> 1226 
<212> DNA 

<213> Arabldopsls thallana 
<400> 2 

gatctctatg tatataaaaa tatgggtaat attagaaact aactatgaaa tggaaaagaa 
ttgagagaat gacattgtgt cagaaaagtt aggtaaataa cattttctga aaaagagaaa 
atacaaaaat atccttgtgt ttacttattt ttacaataat gccattggct ttagttataa 
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agtttatatg tatttgtcta aaatageatg atatatttac aaaaatcatg caattcttta 340 

aaatacatac agaatatata taeaogatat atatgtttet ctgaaataat gtgtttctca 300 

gaaatageac gaaatattta taaaaagcat gcaattctee tatagatcge gaagtttaaa 360 

aaaaeataea gaattgttac aatattaeae gggtttttat tggataacat gacaaatate 420 

tatttatttc atgagttttt attggatagc atgaeaaata ttaatatatc agtgttaata 480 

acatgttttg ttcttaaaat aeatgcattt taaaatcaga eatttgtttt aaaatcaaat S40 

ctaatctctt atatcacaac gacattgacg gaaaattcag gtaaaaagag aaaataaaga 600 

atgagagata gagagatttc tatggaaaaa gaaagagaga acatgtaggt gaacaaaata 660 

aagagatatg atgatatatt ttatgagagg tggtgaagat tattttagga gagggagaga 720 

gaaatagaaa aagaaaatga catggtgaat ctgaagaaga tgaattgtgt taaagatgaa 780 

gagagaaaga gaactccatg gctaaagtct cgtaaagaag atgaaaaaga aacaaaagaa 340 

ggaagaagaa agagaaaggc taaaatagac taaetattgc caaaatttct gtagccgaca 900 

aatactattt ggtccaaggt tattttgtgt attcttttga agtcaaaagt tatttcttac 960 

atatactcta aaaatatagc cgataccaat ttttceacac atggaottec tttattccaa 1020 

aagtcaataa agtgtgacgt catgatactt acgctttaaa acatcgcatg atgatgtcat 108O 

tagcatcaat ctccaccgtc caatttattt agttgttgac aatatcgacc gtctaagttc 1140 

cacaccgacg gctataagag tttcattata aattttagca aaataaaatc agcaaataat 1200 
tttttcttga ctaagcttaa acgacg 



<2lo> 3 

<21l> 32 

<212> DMA 

<213> Artificial sequence 
<220> 

<223> Primer Nl-Pl for the amplification of the NIMlN-l gene 

<400> 3 

ccaagcttgt ctcatgaatt cgtggtatag eg 

<210> 4 

<211> 31 

<212> DNA 

<213> T^ificial sequence 
<220> 

<223> Primer N1-P2 for the amplification of the NlMlN-1 gene 

<400> 4 

ccggatcctt agagaaagtg attgattttg g 

<2io> 5 

<2Xi> 21 

<ZXZ> DMA 

<213> ArtiJEicial sequence 
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<220> 

<223> Primer N2-P1 for the ainplif Ication of the NXMXN-2 gene 
<400> 5 

ccccacgtta acgatgatca c 



<210> 6 

<211> 28 

<212> DNA 

<213> Artificial sequence 

<220> 

<223> Primer N2-P2 for the amplification of the NIMIM-2 gene 



<400> 6 

ctggatcccg tcgtttaagc ttagtcaa 
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